suMMARY The effectiveness of repeated plasma exchange with 2 to 4 litres of plasma protein fraction as long-term treatment for familial hypercholesterolaemia has been evaluated in six severely affected patients receiving conventional cholesterol lowering treatment. Cell-separator mediated exchange at monthly intervals for one to two years reduced mean serum cholesterol levels from 18 5 mmol/I (715 mg/dl) to 12-4 mmol/l (480 mg/dl) in two female homozygotes but failed to influence xanthomata or prevent a two-to threefold increase in their left ventricular aortic systolic pressure gradients. More effective reduction of mean serum cholesterol levels from 15 7 mmol/l (608 mg/dl) to 8-6 mmol/l (333 mg/dl) in two male homozygotes by plasma exchange at fortnightly intervals for two to three years was accompanied by resolution of xanthomata and by stabilisation of aortocoronary lesions. In two male heterozygotes with angina, coronary angiographic appearances were unaltered or improved after one to two years of thrice-monthly plasma exchange, which reduced mean serum cholesterol levels from 6-4 mmol/I (248 mg/dl) to 4 7 mmol/I (182 mg/dl). We conclude that plasma exchange every one to two weeks, combined with oral nicotinic acid and/or cholestyramine, retards the rate of progression of atheroma in homozygotes and possibly induces regression in heterozygotes.
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Familial hypercholesterolaemia is a dominantly inherited defect of beta-or low-density lipoprotein metabolism which affects approximately 1 in 500 persons in Britain' and North America. 2 The great majority of affected subjects are heterozygotes in whom the disorder is characterised by hyperbetalipoproteinaemia (type II hyperlipoproteinaemia) from birth, appearance of tendon xanthomata in early adult life, and the premature onset of coronary heart disease. Men Serum cholesterol and triglyceride concentrations were determined routinely'0 before each plasma exchange and, in some instances, immediately afterwards. Serum high-density lipoprotein cholesterol was determined as previously described. 4 The mean serum cholesterol level between exchanges was calculated by integrating the area beneath the rebound curve joining each post-exchange value to the subsequent pre-exchange value, and then dividing by the time interval between exchanges.
In four patients the faecal excretion of neutral sterols and bile acids" 12 was measured during the week before and the week after a single plasma exchange, at a time when they were in-patients in the Metabolic Unit, off all hypocholesterolaemic drugs and on a constant intake of dietary fat (P:S ratio 2:1), cholesterol (200 mg/day), and chromic oxide (1-5 g/day), which was given as a nonabsorbable marker.
Results

CHANGES IN SERUM CHOLESTEROL
During each procedure there was a rapid decrease Long-term fluctuations in serum cholesterol in patients undergoing plasma exchange at regular intervals can best be described in terms of the maximum or pre-exchange value, the minimum or post-exchange value, and the mean level between exchanges. These results are summarised in Table 2 . The influence of the frequency and volume of plasma exchanged and of concomitant drug treatment is illustrated in Fig. 1 group.bmj.com on June 15, 2017 -Published by http://heart.bmj.com/ Downloaded from As shown in Fig. 1 the mean serum cholesterol in homozygote case 3 was reduced to less than 60 per cent of the level achieved by drug treatment alone when the latter was supplemented by 4 0 litre exchanges at fortnightly intervals. Similarly, litre exchanges at weekly intervals reduced the mean serum cholesterol in homozygote case 4 by more than 50 per cent. Discontinuation of cholestyramine had no effect on serum cholesterol levels in either patient provided that nicotinic acid treatment was maintained. Fig. 2 shows the results in the two heterozygotes. The mean serum cholesterol concentration in case 5 decreased from 6-2 mmol/l (240 mg/dl) on cholestyramine and clofibrate, to 4-1 mmol/l (160 mg/dl) during weekly 3-2 litre plasma exchanges. Case 6 presented with a serum cholesterol of 9 mmol/l (350 mg/dl), which decreased to 6-5 mmol/l (250 mg/dl) on cholestyramine and to 3-5 mmol/l (135 mg/dl) when administration of the latter was accompanied by weekly 4 0 litre plasma exchanges. Addition of clofibrate caused a sharp increase in serum cholesterol levels in case 6.
CHANGES IN XANTHOMATA AND FAECAL STEROID EXCRETION
Combined treatment with plasma exchange and nicotinic acid for two to three years has been accompanied by almost complete resolution of the cutaneous xanthomata of homozygotes cases 3 and 4, and by a pronounced reduction in the size of their tendon xanthomata, as illustrated in Fig. 3 and 4 . No such changes were observed in cases 1 and 2.
Faecal excretion of neutral sterols and bile acids before and after a single plasma exchange in two homozygotes and two heterozygotes is shown in Table 3 . Mean neutral sterol excretion increased from 613 to 767 mg/day during the week after plasma exchange, and bile acid excretion decreased Fig. 3 Cutaneous xanthomata in the right popliteal fossa of a homozygote (case 4) before and after two years of plasma exchange. Fig. 4 Tendon xanthomata over the interphalangeal and metacarpo-phalangeal joints of a homozygote (case 3) before and after three years of plasma exhange. from 498 to 420 mg/day. However, the only statistically significant difference was an increase in neutral sterol excretion in homozygote case 3 after a 4-6 litre exchange. Total faecal steroids averaged 1111 mg/day before and 1187 mg/day after plasma exchange.
ANGIOGRAPHIC APPEARANCES AND AORTIC GRADIENTS
At least two complete angiographic studies were performed in three of the homozygotes. As illustrated in Fig. 5 (upper panel) , the irregular and narrowed appearances of the supravalvular portion of the aorta and the right coronary ostium in case 3 have not changed during nearly three years of plasma exchange, nor was there any change in the aortograms of case 4 (Fig. 5, middle panel) . However, the second study on case 2 showed left ventricular hypertrophy and a decrease in the mobility of her aortic valve cusps (Fig. 5, lower panel) . Measurement of the ratio of the diameter of the narrowed aortic roots to that of adjacent unaffected segments, as shown in Table 4 , confirmed the lack of change in group.bmj.com on June 15, 2017 -Published by http://heart.bmj.com/ Downloaded from any patient (excluding case 1, in whom an initial aortogram was not done).
The peak systolic gradient between the left ventricle and aorta was measured on at least two occasions in all four homozygotes, the results being shown in Table 4 . Substantial increases occurred in cases 1 and 2 over periods of 26 and 46 months, in contrast to cases 3 and 4 in whom there was little change during 31 aAl 21 months, respectively.
Mean serum cholesterol levels were considerably higher in cases 1 and 2 during the interval between angiograms (11 4 to 13 4 mmol/l or 440 to 520 mg/ dl) than in cases 3 and 4 (8 4 to 8-7 mmol/l or 325 to 337 mg/dl), as shown in Table 2 .
Each of the heterozygotes underwent two angiographic studies; both patients had normal aortograms but each showed bilateral atheromatous involvement of the coronary arteries. The appearances were unchanged in case 5 after nine months of cholestyramine alone followed by a year of plasma exchange (Fig. 6, upper panel) . However, there was an apparent increase in the calibre of a stricture of the anterior descending branch of the left coronary artery in case 6 after a year of plasma exchange (Fig. 6, middle panel) . There was no further change in this lesion after a second year but a decrease in the degree of dilatation of his ectatic right coronary artery proximal to the site of its occlusion was noted (Fig. 6, lower panel) . Mean serum cholesterol levels were 4-4 to 4 9 mmol/l (170 to 190 mg/dl) in the two heterozygotes between plasma exchanges ( Table 2) .
Discussion
This paper analyses four years' experience with plasma exchange in the treatment of severe familial hypercholesterolaemia, the term severe encompassing both homozygotes and heterozygotes with coronary heart disease. The fact that six patients have successfully undergone a total of almost 300 plasma exchanges without serious complications attests both to the safety of the procedure and its acceptability to such individuals. In particular there was no instance of bacterial endocarditis in any of the homozygotes, whose diseased aortic valves renders them vulnerable to this risk. The reliability of the equipment used and the suitability of plasma protein fraction as an exchange fluid have greatly facilitated carrying out repeated plasma exchanges over prolonged periods. A commitment to treating homozygotes by this means should not prove too great a liability to any major centre equipped with a cell-separator because of the small number of patients likely to be involved. Plasma exchange is heavily dependent upon the availability of plasma protein fraction, however, and for this reason, we restrict its use in the far commoner heterozygotes to those with severe angina.
The use of plasma exchange to treat familial hypercholesterolaemia is based upon the premise that defective catabolism of low-density lipoprotein is largely responsible for the hypercholesterolaemia.13 14 Physical removal of low-density lipoprotein from the intravascular compartment is therefore a logical approach, especially in homozygotes who respond poorly to drugs such as cholestyramine, which act by promoting lowdensity lipoprotein catabolism.'6 It is relevant that plasma exchange does not appear to stimulate lowdensity lipoprotein-apoB synthesis, especially since this is already somewhat higher than normal in homozygotes. 16 Furthermore, we found no evidence that plasma exchange caused any net increase or decrease in faecal steroid excretion, which is the normal pathway for removal of cholesterol; however, because these were non-steady-state studies it was not possible to deduce whether there was any change in cholesterol synthesis.
Streja et al. 17 recently described an association between coronary heart disease and reduced levels of high-density lipoprotein cholesterol in familial hypercholesterolaemia. Since plasma exchange decreases high-density lipoprotein levels still further it might seem to be deleterious. However, during the subsequent week the high-density lipoprotein (HDL) cholesterol concentration increases proportionally faster than the low-density lipoprotein (LDL) cholesterol and the HDL:LDL cholesterol ratio rises.4 8 If one accepts that this ratio is an even more sensitive index of coronary heart disease risk than is high-density lipoprotein cholesterol,'7 then plasma exchange can be regarded as having a favourable effect, rather than the reverse.
Our data suggest that plasma exchange at monthly intervals does not control hypercholesterolaemia sufficiently well in homozygotes to prevent progres- sion of their disease. Both female patients developed a substantial increase in the systolic gradient between their left ventricle and aorta at a time when their serum cholesterol levels averaged about 13 mmol/I (500 mg/dl). It seems probable that a rising aortic gradient reflects progressive infiltration of the valve cusps, either by atheroma,18 or fibrosis.19 20 The threefold increase observed in case 2 occurred without any change in the degree of narrowing of the supravalvular part of her aorta and she was later found at operation to have a much fibrosed aortic valve. This was in spite of her having undergone a portacaval shunt three years previously which, unfortunately, resulted in only a transient fall in serum cholesterol. 7 The findings in the two male homozygotes currently on plasma exchange are more encouraging. More effective reduction of hypercholesterolaemia by a combination of nicotinic acid and plasma exchange at one to two weekly intervals, using 3 
